Despite the importance of soil as a large component of the terrestrial ecosystems, 18 the soil compartments are not well represented in the Land Surface Models (LSMs). Indeed, 19 soils in current LSMs are generally represented based on a very simplified schema that can 20 induce a misrepresentation of the deep dynamics of soil carbon. Here, we present a new 21 version of the Institut Pierre Simon Laplace (IPSL) Land Surface Model called ORCHIDEE-22
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(3) 170 with A = 14 C/ 12 C, S for sample, OX1 for Oxalic Acid 1, the 14 C international standard.
171
F 14 C is twice normalized: i) it takes into account isotopic fractionation by being normalized to 172 a δ 13 C = -25‰, and ii) it corresponds to a deviation towards an international standard (i.e.
173
95% of OX1 as measured in 1950 -(Stuiver and Polach, 1977) ). By propagating F 14 C from 174 atmosphere at the origin of vegetal photosynthesis to soil respired CO 2 , there is no need to 175 focus on 13 C isotopic fractionation all along the organic matter mineralization with F 14 C. 176 To make the reading of the paper easier, we will further express F 14 C as F 14 C = A sample /A ref 177 with A sample being the A of the measured (or modeled) data and A ref an international reference. 178 Normalizations are included in A ref and F 14 C will be written as F 14 to simplify notation 179 involving superscripts and subscripts. 180 Since we focus on SOC dynamics, we did not include the 14 C in the plants but did include 14 C 181 in the litter. The 14 C-litter is obtained by multiplying the atmospheric value by the total carbon 182 in the litter:
where F 14 atm is the F 14 C of atmosphere at the time of leaf growth (figure 2). 185 Thus, from the litter, all processes defined in section 2.1 that apply to total soil carbon are also 186 represented for 14 C. 187 We also take into account the radioactive decay of 14 C. For that, we calculate the amount of 188 14 C as follow: 189 !" = !" − !"#$"%&" * !"
(5) 190 Where k decrease is the radioactive decay constant ( = Ln2/5730) (Godwin, 1962) 191 The F 14 C of the soil is then calculated back for carbon, per pool:
193 with pool representing the active, slow or passive pool.
194
Finally, we calculate a mean F 14 C value per soil layer, according to the depth: , (2015) .
245
For the four sites, the SOC (kg m -3 ), for each depth z, was calculated using carbon content and 246 bulk density data using the following equation:
Where OCC (wt/wt) is the carbon content and BD (kg m -3 ) is the bulk density.
249

Different model tests 250
After the implementation of radiocarbon in the model, different tests were carried out (Table   251 2). Here we represent the outputs provided by three simulations: that ESMs underestimated the mean age of soil carbon by a factor of more than six and 261 overestimated the carbon sequestration potential of soils by a factor of nearly two. So, 262 the suggestion (that we apply in this simulation) for the IPSL model was to multiply In order to reach a steady state of the soil module, we ran the model over 12700 years 277 (spinup). The state at the last time step of this spinup was used as the initial state for the 278 simulations. For this, the CRUNCEP meteorological data for the period 1901-1910 were used. 8 years) was also done after the end of the first to take into account the change of the land cover 282 from a tropical forest to a C4 savanna at this site (Schwartz et al., 1992) . The atmospheric 283 CO 2 concentration has been set at 296 ppm (year 1901, (Keeling and Whorf, 2006) ) for the 284 spinups and the F 14 C has been set to one corresponding to pre-industrial values. For each site, 285 specific pH, clay content and bulk density values were used (Table 1) . It should be noted that 286 for these last data, only one value (the mean value on the profile) is provided as input for the 287 model.
288
The simulations were outputted at a yearly time step, from 1900 to 2011. A yearly 289 atmospheric CO 2 concentration value (Keeling and Whorf, 2006) is read for the sites. The 290 same specific pH, clay content and bulk density values were used (Table 1 ).
291 Figure 2 shows the evolution of the F 14 C values in the atmosphere used in our model for to the NH zone 2, for the Congo to the SH zone 3 and finally for Argentina to the SH zone 1-296 2. Thus, for our simulations, a yearly value is read for each site.
297
An F 14 C value of 1.8 represents a doubling of the amount of 14 C in atmospheric CO 2 . In figure   298 2, it can be noted that the values recorded in France (northern hemisphere) are higher than 299 those in the Congo and Argentina (southern hemisphere). This is due to the preponderance of 300 atmospheric tests in the northern hemisphere and the time required to mix air across the 301 equator. measurements to test the model accuracy and possibly implement further improvement.
305
Statistical analysis based on the statistics of deviation were done to evaluate the model-306 measurement discrepancy according to Kobayashi and Salam (2000) (where a detailed 307 description of the method is provided). Here, we only reproduce the different equations used.
308
x refers to the model outputs and y to the measurements, while i refers to soil depth. The 309 intervals of soil depth of the model outputs and the measurements were homogenized by 310 linearly interpolating the data to common depth intervals defined for each site. The 311 simulations and data were then compared for each depth interval.
RMSD is the Root Mean Squared Deviation, which represents the mean distance between 314 simulation and measurement.
MSD, the Mean Squared Deviation, is the square of RMSD. The lower the value of MSD, the 317 closer the simulation results are to the measurements.
SB is a part of the MSD (Eq.14) and represents the bias of the simulation from the 321 measurement.
r is the correlation coefficient between the simulation and measurements.
329 SDSD is the difference in the magnitude of fluctuation between the simulation and 330 measurements.
332
LSC represents the lack of positive correlation weighted by the standard deviations.
333
The MSD can be therefore be rewritten as:
For the different simulations, the MSD and its components were calculated according to the 336 total soil carbon and to the F 14 C. (Table 3) . with contributing 70% and 60% respectively. This reflects that the average of total soil carbon 357 over the soil profile simulated by the model is primarily the origin of the deviation of the 358 model outputs from data. The mean total soil carbon estimated by the model (Table 3) is 359 almost three times higher than the mean total carbon measured for Mons (2.37 kg C m -2 360 against 0.8 kg C m -2 respectively) and it is more than five times that measured for Kissoko
361
(2.44 kg C m -2 against 0.42 kg C m -2 respectively). For Mons a net primary production (NPP) is probably due to an overestimation of decay rates by ORCHIDEE in sandy soils. The 367 correlation coefficient for Mons is relatively high compared to other site (Table 3) whereas 368 Fig. 3 shows that the model performance was not very good for this site. This is mainly due to 369 a large SB whereas other MSD components were rather low.
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